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Abstract
We study the photon production in a 1D cavity whose left and right walls os-
cillate with the frequency ΩL and ΩR, respectively. For ΩL 6= ΩR; the number
of generated photons by the parametric resonance is the sum of the photon
numbers produced when the left and the right wall oscillates separately. But
for ΩL = ΩR, the interference term proportional to cos is found additionally,







The standard Casimir eect [1] indicates the presence of vacuum fluctuations of the
electromagnetic eld. The modied boundary conditions of the eld, which characterize
the dynamical situation, change zero-point vacuum fluctuations inside a perfectly reflecting
cavity and give the photon production [2]. Especially, this phenomenon has extensively
been studied when the one of the walls oscillates [3{12]. Photon productions by parametric
resonance when the walls of the cavity oscillate with one of the proper eld frequencies,
give one a possibility to observe any signicant eect under experimental situations and to
obtain quantitative results [9{11].
Recently, Lambrecht et al. [13] studied the radiation emitted by two oscillating walls
using the scattering approach. Therein, boundaries oscillate symmetrically with respect
to the center of the cavity or globally with the length of cavity kept constant. Resonance
enhancement occurs when the oscillating walls have even integer multiples of the fundamental
frequency of the cavity for the former and odd integer multiples for the latter. If we adopt
the perturbation approach of Ref. [12] the above results can be easily obtained. Moreover,
we can further proceed to a more general situation where the walls oscillate with dierent
frequencies and with a phase dierence.
In this Rapid Communication, we shall present the interference phenomena in the number
of parametrically generated photons when two walls oscillate with the same frequency but
with a phase dierence. Further, we shall show that the result of Ref. [13] can be explained by
a constructive interference or a destructive interference. For this purpose, we shall calculate
the number of produced photons by the parametrically resonance in a cavity with two
oscillating walls. For the dierent frequencies, there is no interference and the number of
generated photons by the parametric resonance is the sum of the photon numbers produced
when the left and the right wall oscillates separately.
We start with a eld operator A(x; t) associated with a vector potential which satises


















y and bn are the usual creation and annihilation operators. Here  n(x; t) is the mode
function which vanishes at the left and the right walls which are located at x = L(t) and















where k is a positive integer. Now we consider the small motions of the walls (  L 
R  1)
L(t) = L(t) (5)
and
R(t) = [1 + R(t)]; (6)
where  is the distance of two walls in the static situation and  is small parameter which
characterizes the small deviation of the walls from the initially static position. Considering
only to the rst order in , from (1) and the orthogonality of the mode functions we have

























Here we used the following relations





















Now we consider the special motion of the walls where the left and the right walls oscillate
according to
L(t) = aL sin(ΩLt+ L) (12)
and
R(t) = aR sin(ΩRt+ R); (13)
where we considered the phase dierence and without loss of generality we set L =
 and R = 0.











and using the vector notation
~Xn(t) = (Xn;1−; Xn;1+; Xn;2−;   )
T ; (15)




(0) ~Xn(t) + V
(1) ~Xn(t) (16)








































with A = L;R, and s; ; 0 = +;−. Here we used ΩA = γA!1 and !k = k!1:
Taking the following power-series expansion in 
~Xn = ~X
(0)
n +  ~X
(1)
n + 
2 ~X(2)n +    ; (20)








(1) ~X(0)n + V
(0) ~X(1)n ; (22)


























+i(−k+γR−n)!1t0 − (R$ L)]: (24)
Using the continuity conditions at t = T we can nd easily the Bogoliubov coecient nk
in the solution
























By noting that !1T  1 we take only the dominant terms which are proportional to the
time

















and using Nnk = jnkj2 we can obtain the number of created photons with the frequency !k



















with A = L;R: By summing over n we nally have the total number of generated photons






























R + k(γL − k)a
2
L
−(−1)γL2k(γL − k)aRaL cosγL;γR ]: (33)
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Note that this result agrees with our previous result [12] when the only right-side wall
oscillates (aL = 0; aR = 1).
Now we consider some special case where the two frequencies of walls are same ΩL =








(−1)k+naR − eiaL2 n;γ−k: (34)
One easily nd that for  = 0 or  this result corresponds to the situation studied in Ref. [13]
[see Eq. (12) in the perfect-mirror limit ( ! 0)] except for the time-dependence. Therein
they used scattering approach and assumed the linear dependence of time. For the kth mode











It is worth noting that this formula resembles the intensity formula of the double-slit inter-
ference experiment except for the factor (−1)γ+1. The last term in (35) is the interference
term and the photon numbers can have any value as the phase dierence  changes.
In order to examine the interference pattern we further restrict the situation so that the







2k(γ − k)[1− (−1)γ cos]: (36)
When the walls oscillate with even mode frequency Ω = 2!1; 4!1; :::, the interference eect is
characterized by the function 1−cos. Then the number of photons is maximal (constructive
interference) at  =  (the two walls oscillate symmetrically with respect to the center of
the cavity) and minimal (destructive interference) at  = 0 (the walls oscillate together
while keeping their distance constant). For Ω = 3!1; 5!1; ::: the number of created photons
is proportional to 1 + cos and maximal at  = 0 and minimal at  = . As pointed out in
Refs. [12,13] the photon distribution shows a parabolic spectrum and hence the maximum
value of photon number appears at the nearest mode frequency !k = Ω=2.
For the general cases with dierent frequencies of the wall (ΩL 6= ΩR), the interference







that is, the number of generated photons by the parametric resonance is the sum of the
photon numbers produced when the left and the right wall oscillates separately. Then there
are two peaks at the nearest modes of frequencies !k = ΩL=2 and !k = ΩR=2 .
In summary, we have calculated the number of produced photons by the parametric
resonance in a cavity whose left and right walls oscillate with respective frequencies, phases,
and amplitudes. For the same frequency oscillation, we have presented the interference
phenomena where the photon number is a function of the phase dierence. But for the
dierent frequencies, there is no interference and the photon number is the sum of the
photon numbers produced when the left and the right wall oscillates separately.
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